Lippia sidoides Cham. is a plant that belongs to the family Verbenaceae and is commonly known as "alecrim-pimenta". It was first found in northeastern Brazil, where it is extensively used in traditional medicine. Many studies have been made with the essential oil of L. sidoides, which has a high content of the isomeric compounds thymol and carvacrol. L. sidoides extracts, and particularly the essential oil extracted from its aerial parts, have shown many biological activities such as antifungal, antibacterial, and insecticidal. Given the great biological potentialities of L. sidoides and the amount of recent studies about this plant, the present study aimed to make a survey of its general attributes, cultivation methods, chemical characterization of its extracts and essential oil, as well as its different biological activities.
L. sidoides's flowers are white and organized in subglobose or subpyramidal inflorescences in racemes. They have a short and membranous calyx with long, axillary, single or dual stalk ( Figure  1 .A). Its leaves are simple, opposite, oval lanceolate, with petiole, crenate margins, and white trichomes on both surfaces (Figure 1.B) . It is aromatic and has a spicy flavor that gives it its common name of "alecrim-pimenta" ("pepper-rosemary"). The fruits are distributed in square groups around an axis (Figure 1 .A) and its seeds are extremely small, as demonstrated in Figure 1 .C [8] .
Guimarães et al. [10] found glandular and non-glandular trichomes on both leaf surfaces of L. sidoides through Scanning Electron Microscopy (SEM) in agreement with previous studies of Matos and Oliveira [8] . Among the glandular trichomes, they found type I capitate and peltate trichomes, both on the adaxial and abaxial surfaces. Capitate trichomes were the most abundant on both leaf surfaces and the abaxial surface showed greater density of trichomes than the adaxial one. Non-glandular trichomes were also of two types: unicellular with thick cellular walls, special subsidiary cells and conical shape found only on the adaxial surface; and long multicellular trichomes with greater density on the abaxial surface and on top of veins. A two years study that cultivated L. sidoides in the Cerrado (Brazilian savanna) in Northern Minas Gerais State showed L. sidoides to be a deciduous plant with high rates of leaf fall during a long part of the year and that it produces flowers from February to April and fruits in May [11] .
Cultivation methods: Given the great biological potentialities of L. sidoides, some studies have been carried out aiming at evaluating the best conditions to cultivate this species from its planting until its harvest. Studies have demonstrated that this species shows good vegetative propagation in rooting beds [12] as it is known that it propagates through cuttings.
The influence of spacing between plants on biomass and essential oil production in L. sidoides's aboveground parts was investigated. Melo et al. [13] used four different spacing: 1.0 m x 0.5 m; 1.0 m x 1.0 m; 1.5 m x 1.0 m; and double rows (1.0 x 0.8 x 0.5 m) with 1.0 m between double rows, 0.8 m between single rows, and 0.5 m between plants in the same row. The authors observed higher production of plant biomass and essential oil in plants cultivated in the spacing of 1.0 m x 0.5 m. Similar results were found in other studies that evaluated biomass production of this species in the Amazon region. They found a greater biomass production (4550 kg/ha) in plants cultivated with 0.5 m between plants in the same row and 1.0 m between rows; this is the spacing recommended for the cultivation of L. sidoides in the Amazon region [14] .
Water deficits directly influence the physiology of medicinal plants altering the biosynthesis of active compounds. It was observed that the production of essential oil in L. sidoides is sensitive to water stress with reduction of up to 50% of its production under the reduction of 0.3 MPa in leaf water potential [15] .
Determining the best time to harvest is also relevant in studies with medicinal plants, since the timing of harvesting can have an influence on the utilization of the plant later [16] . The time of day is also very important because the concentration of active compounds in the plant can vary during the day. Therefore, it is important to know and consider these factors when planning the cultivation and harvesting of medicinal plants [13] . In this context, Figueiredo et al. [16] evaluated the effect of the harvest time on essential oil productivity in L. sidoides and observed a higher productivity in its leaves collected 180 days after planting, with a production of 124.80 kg/ha of essential oil.
Chemical characterization:
The first studies on the phytochemical characterization of L. sidoides described the chemical composition of the essential oil of its leaves. L. sidoides was shown to have an essential oil content of 4.0%, which was mostly composed of thymol (43.5%) and α-phellandrene (22.4%) [17] . Since then, other studies have found essential oil contents in leaves of up to 4.5% with thymol or carvacrol being the most abundant compounds. These are phenolic monoterpenes with recognized biological potential. Table 1 shows the chemical composition of the essential oil extracted from leaves of L. sidoides sampled in different regions of Brazil.
Besides studies with its essential oil, phytochemical studies with extracts of aerial parts and roots of L. sidoides have shown the presence of many compounds with a predominance of quinones and flavonoids. Studies with methanolic extracts of leaves and branches have shown the presence of palmitic acid, stearic acid, behenic acid, arachidic acid, lignocetic acid, thymol, carvacrol, β-sitosterol, lapachenol, isocatalponol, and a naphthoquinone (6-oxo-3,4,4a,5tetrahydro-3-hydroxy-2,2-dimethylnaphtho-1,2-pirane) [18] . Lemos et al. [19] isolated tectol, its diacetyl derivative (acetylated tectol), and tecomaquinone I from the EtOH extract ( Figure 2 ).
Costa et al. [20] isolated 13 compounds from ethanol extracts of different parts of the plant: lapachenol, tecomaquinone, tectoquinone, tectol, acetylated tectol, and lippsidoquinone from the heartwood;
3-O-acetyloleanolic acid, methyl 3,4dihydroxybenzoate, and the flavonoids quercetin, luteolin and taxifolin from the stems; glucoluteolin from the leaves; and isolariciresinol from the bark. In another study, a naphthoquinone named isocatalpanol was isolated from L. sidoides roots [21] . From stems, roots, and leaves of L. sidoides sampled in the Medicinal Plants Garden of the Federal University of Ceará, Almeida et al. [22] isolated and identified β-sitosterol, naftoquinone, tecomaquinone, 4',5,7-trihydroxyflavanone, 3',4',5,7tetrahydroxyflavanone, 4',5,7-trihydroxy-6-methoxyflavone, 3,4,4',6' tetrahydroxydihydrochalcone-2'-O-β-D-glucopyranoside and 4,4',6'-trihydroxydihydrochalcone-2'-O-β-D-glucopyranoside ( Figure 2 ).
Antifungal and antibacterial activities:
Some studies have demonstrated the potentialities of the essential oil of the title plant in dentistry due to its antimicrobial activities. For instance, the essential oil can be used in association with mouthwashes or tooth pastes to reduce bacterial plaque [52] ; and in vivo studies have shown its effectiveness in the treatment of periodontal diseases in dogs [53] . Botelho et al. [27] demonstrated that the utilization of mouthwash containing the essential oil of L. sidoides can reduce bacterial plaque and gingivitis. Besides the essential oil, L. sidoides extracts have been shown to be useful in dentistry as well, being able to fight bacteria that cause dental caries with minimal side effects [54] . Essential oil and thymol extracted from L. sidoides were shown to be effective against Enterococcus faecalis isolated from root canals of teeth with persistent periapical reducing the amount of colony forming units (CFU) in biofilms in vitro. After 30 minutes of essential oil at a concentration of 2.5%, v/v, the amount of CFU reduced from 6.5 x 10 8 to 6.4 x 10 6 , while after 60 minutes at the same concentration the amount of CFU reduced from 1.5 x 10 8 to 2.2 x 10 6 . At an essential oil concentration of 10%, the reduction in the amount of CFU was from 6.4 x 10 8 to 3.3 x 10 6 after 30 minutes of exposure and from 9.0 x 10 8 to 2.6 x 10 6 after 60 minutes. These results were similar to the results observed for thymol [51] .
The essential oil and leaf extracts of L. sidoides have also demonstrated antifungal activities against many species of Candida. Fabri et al. [55] found that the minimal inhibitory concentration (MIC) of the essential oil for Candida albicans and C. neoformans was 6.25 x 10 -5 mg L -1 . In vitro antifungal activity of the essential oil was also demonstrated against Microsporum canis and Candida spp: for M. canis MIC values ranged from 4 to 70 mg L -1 and minimum fungicidal concentration (MFC) from 9 to 150 ppm, whereas for Candida spp MIC ranged from 620 to 2500 mg L -1 and MFC from 1250 to 5000 mg L -1 [28] .
Antifungal activity of the ethanol extract of L. sidoides leaves was observed against 45 Candida strains isolated from vaginal secretions. Leaf extract at the concentration of 2000 μg/disc was active against all evaluated strains with inhibition diameter zones ranging between 9.33 and 20.33 mm. In contrast, fluconozole (25 μg/disc) was not active against all Candida strains (eight strains were resistant to this compound), but showed greater inhibition diameter zones against the other 37 strains, ranging between 11.66 and 40.00 mm [56] . Extracts of L. sidoides leaves, spray dried and microencapsulated with maltodextrin and gum Arabic, were tested on strains of C. albicans, C. glabrata, C. krusei and C. parapsilosis. The observed inhibition diameter zones ranged between 11 and 21 mm [57] . These results give support to the ethnomedicinal use of the title plant against skin and mucosal infections caused by Candida.
Many studies have shown activities of the essential oil of L. sidoides against different bacteria such as Pseudomonas aeruginosa, Bacillus subtilis, Mycobacterium smegmatis, Clostridium perfrigens, Escherichia coli, Staphylococcus aureus Ethyl methyl carvacrol (3.0) Cariri (CE) [51] and Salmonella sp [58] [59] . Both essential oil and thymol cause an increase in the activities of the antibiotics gentamicin, amikacin and neomycin against S. aureus and P. aeruginosa through a synergistic effect. When associated with the essential oil of L. sidoides at concentrations ranging between 6 and 50%, the antibiotics increased their activities between 5.11 and 429.4 times against S. aureus and between zero and 43.3 times against P. aeruginosa. Thymol showed lower synergistic effects than the essential oil with all antibiotics evaluated [60] . These results demonstrate the potential of L. sidoides essential oil as an adjuvant in antibiotic therapy against respiratory tract bacterial pathogens. Castro et al.
Guimarães et al.
[61] also found antibacterial activity of the essential oil of L. sidoides against S. aureus and E. coli isolated from artisanal cheese. In this study, the authors found a minimal inhibitory concentration (MIC) of 13 mg L -1 and a minimal bactericidal concentration of 25 mg L -1 for both microorganisms, and a bactericidal effect of 99.9%.
The methanolic extracts of L. sidoides leaves were used to inhibit growth of S. aureus of hospital origin in vitro; the inhibition zones of growth ranged between 9 and 27 mm with all samples showing sensitiveness until the dilution of 1:16 (0.053 g mL -1 ) [62] . The ethanolic extract also showed inhibitory activity against S. aureus and other Gram-positive bacteria, such as E. coli, B. subtilis and M. smegmatis, being as effective as fluconazole [56] . In vitro assays with dental biofilm showed that L. sidoides leaf extract inhibited the colonization of Streptococcus mutans, S. sanguinis and Lactobacillus sp until concentrations of 1:16. Its effect against S. mutans was similar to that of chlorhexidine, demonstrating the potential of L. sidoides extracts against the most important microorganisms involved in the consolidation of bacterial dental biofilm [63] .
Some studies have also shown that the essential oil of Lippia sidoides has antifungal activity against different phytopathogenic fungi. Inhibition of mycelial growth was observed through in vitro assays with Aspergillus niger, Penicillium sp and Fusarium oxysporum in concentrations of 0.3 mg L -1 or higher [64] . Also, the application of L. sidoides essential oil in mango fruits showed that it can avoid rotting of fruits through inhibition of injuries caused by Lasiodiplodia theobromae and Botryosphaeria dothidea [65] .
The phytopathogen Thielaviopsis paradoxa that causes coconut stem bleeding had its mycelial growth and conidial production totally inhibited by L. sidoides essential oil at the concentrations of 0.2, 0.5, 1.0 and 3.0 μL mL -1 [44] . When applied at concentrations of 5 and 7 μL mL -1 to Colletrotrichum gloeosporiodes (Penz.), conidial germination was totally inhibited and mycelium growth and conidial production were significantly inhibited [46] . Antibacterial activity against phytopathogenic bacteria was detected against Clavibacter michiganensis subsp. michiganensis, Xanthomona svesicatoria and Pseudomonas syringae pv. tomato with minimal inhibitory concentrations of 7.81, 15.61 and 7.81 mg mL -1 , respectively [48] . Therefore, these studies show that the essential oil of L. sidoides can inhibit the growth of Gram-positive as well as Gram-negative bacteria.
Anti-inflammatory activity:
The essential oil of L. sidoides showed a gastroprotective effect when used in oral pretreatment in doses of 10, 50 and 100 mg Kg -1 reducing by 58.3, 45.8, and 41.7% the damage caused by ethanol in mice. The essential oil also reduced by 45.9 and 35.3% acute ear edema induced by 12-Otetradecanoylphorbol-13-acetate (TPA) through topical application of 1 and 10 mg/ear, respectively. Using mouse models of acute ear induced inflammation, it was demonstrated that topical application of the essential oil at 2 mg/ear reduced ear edema induced with arachidonic acid and phenol by 45.1 and 33.2%, respectively. However, when applied for longer than one day, a proinflammatory effect was observed [66] . Through skin irritation tests in male Wistar rats, it was found that topical applications of the essential oil of L. sidoides on cutaneous wounds at adequate concentrations increase the inflammatory response without delaying injuries' closure. Cutaneous edema and erythema were more intense in mice on day 3, and on day seven, epidermal discontinuity and moderate polymorphonuclear cells infiltration were observed [50] .
Ethanolic extracts of L. sidoides have shown anti-inflammatory activities through different mechanisms. The chemokine (C-C motif) ligand 2 (CCL2) that has an effect on angiogenesis and is responsible for monocyts migration to inflammatory sites had a reduction of 96.0 ± 0.1% in its production caused by the extract of L. sidoides at the concentration of 250 μg mL -1 [67] . Aerial parts extract increased the cyclic adenosine monophosphate (cAMP) intracellular concentration through inhibition of phosphodiesterase activity. The same extract caused an increase in interleukin-10 (IL-10) production in calcitrol-differentiated THP-1 monocytes through increase in the intracellular concentration of cAMP and p38MAPK activation [68] . These results demonstrate that the processes that modulate the mechanisms of cellular signaling are related to the anti-inflammatory activities found in the extract of L. sidoides.
Leishmanicidal activity: Studies with the essential oil of L. sidoides have also found activity against some protozoa. For instance, Oliveira et al. [32] observed that the essential oil inhibited the growth of Leishmania chagasi promastigotes (infective form) causing drastic changes to the parasite's morphology. Complementary research demonstrated the biological activity of the essential oil against L. amazonensis {with lethal concentration (LC 50 ) of 44380 mg mL -1 in 48 hours} showing the potential use of L. sidoides in the treatment against cutaneous leishmaniasis [36] .
Oliveira et al. [32] found inhibitory activity of the essential oil on L. chagasi promastigotes, with a lethal concentration (LC 50 ) in 72 hours of 8.9 x 10 -4 mg mL -1 . Rondon et al. [42] studied the effectiveness of the essential oil of L. sidoides against promastigote and amastigote forms of L. chagasi, but the oil was toxic to the RAW 264.7 cell line. Similar studies conducted by Farias-Júnior et al. [38] showed that both L. sidoides oils (thymol-rich and carvacrol-rich oils) have significant activity against promastigotes of L. chagasi. The carvacrol-rich oil was more effective than the thymol-rich oil, since the first showed a lethal concentration (LC 50 : 54.8 x 10 -3 mg mL -1 ) lower than the later (LC 50 : 74.1 x 10 -3 mg mL -1 ) in 72 hours.
Trypanocidal activity:
Trypanocidal activity of the essential oil of L. sidoides was demonstrated through in vitro assays against epimastigotes, amastigotes and trypomastigotes of Trypanosoma cruzi, a protozoan that causes Chagas disease, mainly in Latin American countries. The inhibitory concentrations (IC 50 ) observed for epimastigote and amastigote forms were 28.9 μg mL -1 and 41.7 μg mL -1 , respectively. Lethal concentration (LC 50 /24 h) of the essential oil against the trypomastigote form was 10.3 μg mL -1 , indicating its potential use as a chemotherapeutic agent against T. cruzi [37] .
Anthelmintic activity:
In vitro assays with eggs and larvae of the sheep gastrointestinal nematode Haemonchus contortus and in vivo assays in mice infected with Syphacia obvelata and Aspiculuris tetraptera were conducted to evaluate the anthelmintic activity of the essential oil of L. sidoides leaves. There was 100% inhibition of H. contortus egg hatching at the concentration of 1.25 μg mL -1 and 94.5% inhibition on larval development of the same nematode at the concentration of 20.0 mg mL -1 . Larvicidal and ovicidal activities EC 50 were 0.40 and 2.97 mg mL -1 , respectively. An efficiency of 46.29% was observed in the in vivo assays against the nematodes A. tetraptera and S. obvelata at a dosage of 800 mg kg -1 . At dosages of 1200 and 1600 mg kg -1 , the efficiencies were 57.62 and 69.94%, respectively [29] . An in vivo experiment with naturally infected sheep that were orally treated with doses of 200 and 283 mg kg -1 showed a reduction of 38 and 30% in fecal egg count after seven days of treatment, respectively, and a reduction of 45 and 54% after 14 days of treatment, respectively. In another experiment, the count Attributes and biological activities of Lippia sidoides Natural Product Communications Vol. 10 (11) 2015 1865 of worm burden through necropsy of some animals showed a control of 56.9% of Haemonchus spp and 34.4% of Trichostrongylus spp at dosages of 283 and 200 mg kg -1 , respectively, with oral administration of the essential oil [69] .
Antimalarial activity:
The activities of the essential oil of L. sidoides against malarial parasites were demonstrated through in vitro experiments with Plasmodium falciparum and through in vivo experiments with P. berghei in infected mice. The inhibition of P. falciparum in in vitro assays showed a CI 50 (μg mL -1 ) of 10.50. In in vivo assays, the essential oil was inactive when subcutaneously administered, but active when orally administered at dosages of 100, 500 and 1000 mg kg -1 . At these dosages, the inhibition of the parasitaemia was by 55, 47 and 48% on the fifth day after infection, respectively; and of 45, 40 and 49% at the seventh day after infection, respectively [41] .
Insecticidal and acaricidal activities:
Some studies have found insecticidal activity of the essential oil of L. sidoides against larvae of the mosquito Aedes aegypti L., which is the vector of yellow fever in Central and South America and West Africa. Cavalcanti et al. [24] found a lethal concentration (LC 50 ) of 63 mg L -1 of the essential oil of L. sidoides leaves on third instar larvae, and 100% mortality at the concentration of 100 mg L -1 . Carvalho et al. [70] found similar activity, but also observed that thymol was the compound with insecticidal activity showing 100% larval mortality at a concentration of 170 mg L -1 . Another study found larvicidal (LC 50 Chitosan (CH) and Angico gum (AG) nanoparticles doped with essential oil of L. sidoides also showed insecticidal activity against larvae of A. aegypti at the third instar stage of development.
Mortalities of 85 ± 3% after 24 hours of application and of 92 ± 2% after 48 hours of application were observed for samples containing essential oil AG-CH 1:10 with 6.5% of essential oil. In contrast, AG-CH 1:20 nanoparticles with 3.3% essential oil content showed lower mortality: 52 ± 3% and 60 ± 3% after 24 and 48 hours, respectively [71] . Using a polymeric floating system made with alginate (ALG) and cashew gum (CG) doped with L. sidoides essential oil, Paula et al. [72] also found activity against third instar larvae of A. aegypti with 45% to 85% mortality after 24 and 48 hours, respectively.
Comparative studies of the insecticidal activity of L. sidoides against third instar larvae of A. aegypti and Culex quinquifasciatus (vector of elephantiasis) showed that L. sidoides larvicidal activity is more effective against A. aegypti than against C. quinquifasciatus. The essential oil of L. sidoides showed larvicidal activity against A. aegypti at concentrations of 1000, 500, and 250 mg L -1 after 10 minutes of application, and after 30 minutes of application at a concentration of 100 mg L -1 . Differently, L. sidoides activity against C. quinquifasciatus larvae was observed one hour after application at concentrations of 1000, 500, and 250 mg L -1 , and after many hours (but less than 24 hours) at a concentration of 100 mg L -1 [25] .
Studies have found that the essential oil of L. sidoides also shows activity against mites and ticks (acaricidal activity). The essential oil of four accessions of L. sidoides from different areas of Northeastern Brazil showed acaricidal activity against Tetranychus urticae. Lethal concentration (LC 50 ) of the essential oil varied between 1.0 x 10 -5 and 1.4 x 10 -5 mg L -1 , and the lethal concentrations of the major components thymol and carvacrol were 1.0 x 10 -6 and 3.6 x 10 -6 mg L -1 , respectively [34] . Gomes et al. [39] observed mortality of 95% of Rhipicephalus microplus and Dermacentor nitens larvae at concentrations of 1.0 x 10 -4 and 2.0 x 10 -4 mg L -1 of essential oil. The essential oil also showed effects against larvae and nymphs of Rhipicephalus sanguineus and Amblyomma cajannense, with lethal concentrations (LC 90 ) of 11560 and 15700 mg L -1 for their larvae and of 12970 mg L -1 and 18520 mg L -1 for their nymphs, respectively. Pure essential oil in association with pathogenic nematodes Heterorhabditis bacteriophora and Heterorhabditis indica showed an insecticidal effect when applied on engorged females of R. microplus. All treatments reduced egg mass weight, but larval hatching percentage only reduced in treatments with the association of essential oil and nematodes, showing a control ranging between 99.7 and 100% [49] .
The essential oil of Lippia sidoides also showed insecticidal activity against the termite Nasutitermes corniger (Isoptera: Termitidae) with LD 50 and LD 90 (μg of oil/mg of N. corniger) of 0.38 and 1.98, respectively [45] . Insecticidal activity was also observed against Tenebrio molitor (Coleoptera: Tenebrionidae) in a fumigation test with essential oil and of its components carvacrol, 1,8-cineole, and thymol. The toxicity of essential oil, carvacrol, 1,8-cineole and thymol (LC 50 ) at 24 hours were 8.04, 5.53, 5.71 and 14.71 μL L -1 in the air, respectively. A synergistic effect of thymol was observed when different mixtures of carvacrol, 1,8-cineol, and thymol were used [35] .
